Oxidation of deuterated compounds by high specific activity methane monooxygenase from Methylosinus trichosporium. Mechanistic implications.
Hydrocarbon oxidations catalyzed by methane monooxygenase purified to high specific activity from the type II methanotroph Methylosinus trichosporium OB3b were compared to the same reactions catalyzed by methane monooxygenase from the type I methanotroph Methylococcus capsulatus Bath and liver microsomal cytochrome P-450. The two methane monooxygenases produced nearly identical product distributions, in accord with physical studies of the enzymes which have shown them to be very similar. The products obtained from the oxidation of a series of deuterated substrates by the M. trichosporium methane monooxygenase were very similar to those reported for the same reaction catalyzed by liver microsomal cytochrome P-450, suggesting that the enzymes use similar mechanisms. However, differences in the product distributions and other aspects of the reactions indicated the mechanisms are not identical. Methane monooxygenase epoxidized propene in D2O and d6-propene in H2O without exchange of substrate protons or deuterons with solvent, in contrast to cytochrome P-450 (Groves, J. T., Avaria-Neisser, G. E., Fish, K. M., Imachi, M., and Kuczkowski, R. L. (1986) J. Am. Chem. Soc. 108, 3837-3838), suggesting that the mechanism of epoxidation of olefins by methane monooxygenase differs at least in part from that of cytochrome P-450. Hydroxylation of alkanes by methane monooxygenase revealed close similarities to hydroxylations by cytochrome P-450. Allylic hydroxylation of 3,3,6,6-d4-cyclohexene occurred with approximately 20% allylic rearrangement in the case of methane monooxygenase, whereas 33% was reported for this reaction catalyzed by cytochrome P-450 (Groves, J. T., and Subramanian, D. V. (1984) J. Am. Chem. Soc. 106, 2177-2181). Similarly, hydroxylation of exo,exo,exo,exo-2,3,5,6-d4-norbornane by methane monooxygenase occurred with epimerization, but to a lesser extent than reported for cytochrome P-450 (Groves, J. T., McClusky, G. A., White, R. E., and Coon, M. J. (1978) Biochem. Biophys. Res. Commun. 81, 154-160). A large intramolecular isotope effect, kH,exo/kD,exo greater than or equal to 5.5, was calculated for this reaction. However, the intermolecular kinetic isotope effect on Vm for methane oxidation was small, suggesting that steps other than C-H bond breakage were rate limiting in the overall enzymatic reaction. Similar isotope effects have been observed for cytochrome P-450. These observations indicate a stepwise mechanism of hydroxylation for methane monooxygenase analogous to that proposed for cytochrome P-450.(ABSTRACT TRUNCATED AT 400 WORDS)